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Description 

The present Invention relates to a programmable 
element for a semiconductor IC (Integrated circuit} 
chip. 

An element utflfcrfng the electrical breakdown of 
an Insulating layer thereof for storing Information has 
been proposed. That is, a conduction established in 
the insulating layer by electrical breakdown is assig- 
ned to either logical T or V In binary notation. Such 
a programmable element was first disclosed by one of 
the co-inventors of the present invention and Is des- 
cribed in the Japanese Patent No.1 195815 of March 
12, 1984. Other subsequent patent applications relat- 
ing to programmable elements erf this type have been 
filed, Including a Japanese patent application 
published under No. 60-74668, April 26, 1085. dis- 
closing the structure and fabrication processes of a 
PROM (programmable read only memory) and a 
mask ROM, and a United States patent application 
fled September 2, 1986, cfsciosing a structure of a 
PROM and a write operation for protecting non-selec- 
ted memory cells torn erroneous write-in. A com- 
prehensive presentation of the programmable 
element was given at the 1985 I EDM (lntemattonaJ 
Electron Device Meeting), Washington, DC, under 
the title of 'A NEW PROGRAMMABLE CELL UTILIZ- 
ING INSULAR BREAKDOWN* by the co-inventors. 

The programmable element, which is hereinafter 
named BIC (Breakdown of Insulator for Conduction) 
ceo, has a structure comprising an insulating layer for- 
med between a couple of electrode layers. Typical 
applications of BIC eel include memory cells for a 
PROM (programmable read only memory) and 
switching means for a redundancy circuit (a row or 
column of a memory cell array) In a RAM (random 
access memory). In a PROM, for example, each of 
BIC calls Is formed on a semiconductor substrate so 
as to be associated with a corresponding one of 
arrayed transistors or diodes formed in the substrate, 
end thus, constitutes a memory cell disposed in a mat- 
rix arrangement The memory cell is programmed 
when the insulating layer of the BIC cell is broken 
down by a voltage applied thereto. In this memory cell, 
the BIC ceO can be formed dkectiy on the associated 
transistor or diode In the manner that the impurity df» 
fusion layer for toe drain or coiector of the transistor, 
for Instance, is used as one of the electrodes of the 
BIC ceJLThis means that a BIC cell can have a struc- 
ture stacked on each MIS FET, constituting a memory 
cell together, and hence, does not require a particular 
chip area therefor In contrast with prior art programm- 
able elements such as fuses or PN junc^ona used in 
a conventional PROM. Hence, an Increase In the 
packing density of the PROM can be achieved by 
using BIC cells* 

The BIC cell Is designed so as to have a program- 
ming voltage, Le. breakdown voltage of the insulating 



layer, which Is in a predetermined voltage range. That 
Is, the upper limit of the breakdown voltage must be 
tower than that of other circuit elements, typicatty, the 
PN Junction formed by the aforesaid N+ Impurity dfffu- 

6 sion layer and the P-type substrate, for example. The 
lower timft of the breakdown voltage must be higher 
than the normal operating voltage, the read-out volt- 
age of a memory cefl, for example, in order to avoid 
erroneous programming of non-selected memory 

10 cells during the read operation. Accordingly, the 
breakdown voltage of the Insulating layer Is to be In 
the range from 10 to 20 volts, in general 

The insulating layer of prior art BIC cells Is formed 
by oxidizing a doped-pdysfllcon layer. The above- 

15 mentioned Japanese patent discloses that a sfl Icon- 
oxide layer formed from a doped-coiysllcon layer 
implanted with arsenic atoms to a dose of about 
1x1(Wcm* exhibits a breakdown voltage of 30 to 
about 50 volts for 8 thickness of 1 20nm 

20 However, the breakdown voltage of a silicon- 
oxide Insulating layer formed by oxidizing such a do- 
ped-polysilicon layer is relatively high as 25 volts and 
distributes with a range as broad as ± 7 volts. Further, 
the resistance of the BIC ceils thus fabricated has a 

28 relatively high value ranging between 1 kohms and 1 0 
kohms. This high resistance is provided by the polysl- 
0 con layer which acts as a resistor after the write oper- 
ation. The high resistance inevitably results In a low 
apeed in the read operation of memory ceils each 

so comprising a programmed BIC ceil. 

On the other hand, a silicon-oxide layer formed by 
thermally oxidizing a single-crystal-sllicon substrate 
cannot be used for a BIC ceO, as briefly discussed 
below. The electric field threshold for the intrinsic 

35 breakdown of si Icon dioxide (SIOJ such as silica Is 
approximately 10 MvTcm. Therefore, ft seems that a 
programming voltage of 10 to 15 volts In the BIC cell 
could easily be achieved by creating a sOlcon-dloxlde 
layer having a thickness of 10 to 15 nnv However, 

40 there is a mode of breakdown which is considered to 
be due to a certain type of lattice defect in the silicon- 
oxide layer, and lower breakdown thresholds dls- 
trfeuting around 3 MV/cm are revealed. This means 
that BIC cells In a non-selected memory cell should 

45 erroneously be programmed by a low voltage, such as 
5 volts, applied to the silicon-oxide layer during the 
readout operation, for example. 

It is, therefore, an object of the present invention 
to provide a programmable element or BIC cell which 
• so can be stebiy programmed by a predetermined write- 
in voltage. 

It Is another object of the present Invention to pro- 
vide a BIC cell having an improved insulating layer. 

According to the invention, these and other 
55 objects are reached by a programmable element com- 
prising : a lower electrode layer formed on a sub- 
strate ; an Insulating layer composed of at least two 
dielectric material films, for example a relatively thin 
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e&ioon-dbxide film and a relatively thick sfficon-nltrids 
film, the dielectric material films being successively 
formed on the lower electrode layer; and an upper 
electrode layer formed on the insulating layer, the 
upper electrode being separated from the lower eleo- $ 
trode by the Insulating layer, such that the programm- 
able element It provided with a conduction path 
between the lower and upper electrodes when a volt- 
age capable of causing an electrical breakdown in the 
Insulating layer b applied between the lower and 10 
upper electrodes. 

Further objects, features and advantages of the 
present Invention will become more apparent from the 
following description made with reference to the 
accompanying drawings wherein : 16 
Fig. 1 is a cross-section llustratlng a fundamental 
configuration of a prior art BIC ceil ; 
Fig. 2 Is a cross-section fllustrating another con- 
figuration of a prior art BIC cell ; 
Fig. 3 to a cross-section llustratlng a BIC cell 20 
comprising an N» region which b commonly 
shared with a MI8 FET formed together on a sub- 
strate ; 

Fig. 4 is a cross-section schematically Illustrating 

a conduction path formed In the insulating layer of 25 

a programmed BIC cell ; 

Figs. 5 and 6 are equivalent drafts respectively 

corresponding to a BIC ceO before programming 

and after programming ; 

Figs. 7A to 7G are cross-sections llustratlng a so 
method for fabricating a BIC cell according to an 
embodiment of the present Invention ; and 
Fig. 8 b a cross-section llustratlng a BIC ceil 
according to another embodiment of the present 
invention. 38 
Fig. 1 to a cross-section llustratlng a fundamental 
configuration of a prior art BIC ceil comprising a lower 
electrode 1 formed on a substrate 2 such as a silicon 
IC chip. An insulating layer 3 b formed as shown In 
Fig. 1 so as to electrically isolate the electrode 1 from 40 
the substrate 2. Another Insulating layer 4 b formed 
to cover electrode 1. The Insulating layer 4 b a sBlcon- 
dtakJe layer formed by oxidizing the electrode 1 
which b made of a polyslicon layer, for example. An 
upper electrode 5 b formed as shown In Fig. 1 so as 45 
to overlap the lower electrode 1 with the intervention 
of the insulating layer 4. The upper electrode 5 can be 
made of a conventional electrode material such as 
aluminum (AO, molybdenum (Mo) or platinum (Pt). 

If a BIC cell b selected to be programmed, a von- so 
age large enough to cause an electrical breakdown of 
the Insulating layer 4 to applied between the elec- 
trodes 1 and 5, hence a conduction path connecting 
the electrodes to formed In the Insulating layer 4. As 
already mentioned, If the poiysflicon layer constituting a 
the electrode 1 to doped with arsenic atoms by an ion 
implantation, tor example, to a concentration up to 
1x10"/cm*, a sBlcon-dioxids layer 4 having a thick- 



ness of about 120 nm can be programmed with the 
application of a voltage of 30 to 50 volts. 

Fig. 2 to a cross-section llustratlng another con- 
figuration of a prior art BIC cad, with a lower electrode 
formed by an impurity diffusion layer 6 such as an 
region formed in a P-type-elicon substrate 7. In this 
case, an insulafrig layer 9 having a contact hole 8 to 
expose the N+ region 6 therethrough b formed on the 
substrate 7. Another insulating layer 10 to formed to 
cover the region 6. The Insulating layer 10 may be a 
sillcon-dtodde layer of a thermally-oxkilzed-poiysfii- 
con layer (not shown) formed on the region 6, as dis- 
closed in the above-mentioned Japanese patent 
No.1 1 05815 and patent application No.80-74889. An 
upper electrode 11 of aluminium, for example, b for- 
med on the insulating layer 10. 

The Impurity diffusion region 6 as shown in Fig. 2 
may be an N* (or P*) reg ion of a diode or a drain region 
of a MIS FET (metal Insulator semiconductor field 
effect transistor) formed In a semiconductor sub- 
strate. Fig. 3 Is a cross-section llustratlng such a BIC 
eel comprising an N* region commonly shared with a 
MIS FET, the BIC cell and the MIS FET being formed 
together on a semiconductor substrate for constitut- 
ing a memory ceil. Referring to Fig. 3, the BIC cell 
comprises an hP region 12 formed in a semiconductor 
substrata 13, an Insulating layer 14 formed on the reg- 
ion 12 and an upper electrode 15 formed on the 
Insulating layer 14, and thus, has a configuration 
essentially similar to the one of the BIC oefl of Fig. 2. 
The N+ region 12 also constitutes the drain region of 
a MIS FET comprising an N+ source region 16 and a 
gate electrode 1 7. Thus, the N* region 1 2 b commonly 
shared by the BIC ceO and the MIS FET. In Fig. 3, 
reference numerals 18. 19 and 20 respectively desig- 
nate afield c^toyer, an insulting layer and a scurca 
electrode. It to obvious from Fig. 3 that there to no 
need for any Incremental chip area for the BIC ceil 
sharing the region 12 with the FET. Thus, the BIC 
eels can be formed on the semiconductor substrate 
without decreasing the packing density of the FETs. 

The BIC cell b programmed when a voltage puise 
b applied between the tower electrode and the upper 
electrode so as to cause a breakdown in the insulating 
layer therebetween. Thus, s conduction path 21 com- 
posed of the upper electrode of eJumlnurn, for 
example, b established between the electrodes, as 
shown In Fig. 4* Like reference numerals designate 
like or corresponding parts In FIga. 3 and 4. Figs. 5 
and 6 are equivalent circuks respectively correspond- 
ing to a BIC cell before programming and after prog- 
ramming. Before programming, the Insulating layer 22 
of a BIC cell b non-conductive, as shown In Fig. 5. 
While, once e breakdown b caused therein, the circuit 
of Fig. 5 changes to a conductive state represented 
by a resistance R, as shown in Fig. 6. tf the non-con- 
ductive state b assigned to logical "0" and the con- 
ductive state to logical "1", the Insulating layer of e BIC 
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celt to be programmed as logical "1 ' Is broken down 
by a voltage pulse. 

When a plurality of such cells are disposed In X 
and Y directions so as to form a matrix arrangement, 
the cells which are programmed store logical "1* data 
and non-programmed cells store logical "0" data, thus 
forming a programmable read only memory (PROM). 
The data are read out by applying a read out voltage 
to each of the cells and detecting a current flowing 
through each cell. Cells each having a detected cur- 
rent flowing therethrough ere defined as to be In logi- 
cal "1" state and cells having no detected current are 
defined as to be in logical "0* state. 

A BIC cell as shown in Fig. 2 can be used aa a 
switching means for a redundant circut In a semicon- 
ductor integrated circuit When a memory cell array of 
an Integrated semiconductor memory device includes 
a defective memory cell, the array can be replaced by 
an equivalent redundant memory cell array provided 
In the memory device. Referring to a BIC cell as 
shown lnng.2.lfther^region6r^beenlnternafiy 
connected to a redundant memory cell array and the 
upper electrode 1 1 1s connected to a read/write circuit, 
the redundant memory cell array can be activated by 
causing a breakdown in the Insulating layer 10. 

Figs. 7A to 7G are cross-sections illustrating the 
various steps in the process of fabricating a BIC cell 
according to the invention. The present invention BIC 
cell has a structure as shown In Fig. 7G. wherein the 
insulating layer 31 comprises a first dielectric flm 32 
and a second dielectric fUm 33. That Is, In an embo- 
diment according to the present invention, a double- 
layer-structured insulating layer is provided between 
a lower electrode 34, which is an region formed in 
a semiconductor substrate 35, for example, and an 
upper electrode 36. The first dielectric «m 32 and the 
second dielectric film 33 are respectively formed from 
different dielectric materials : the first dielectric ma- 
terial film 32 Is composed of silicon nitride (SW and 
the second dielectric material fUm 33 is composed of 
slicon dioxide (SlOj), for example. In Fig. 7G, the 
reference 37 designates an Insulating layer com- 
posed of a PSG (phosopho-sflicate glass), for 
example. The PSG layer 37 is formed to cover the 
substrate 35 and has an opening therethrough to exp- 
ose the N+ region 34. 

In the above, a P-type well formed In an N-type- 
silcon substrate may be substituted for the substrate 
35. As In a prior art BIC cell, the BIC ceil according to 
the invention as shown in Fig. 7G, is programmed by 
applying a voltage pulse between the electrodes 34 
and 36 so as to cause a breakdown In the insulating 
layer 31. 

The fabrication steps of the BIC cell shown In Fig. 
7G wfll now be described. Referring to Fig, 7A, a sW- 
con-dkwide (SIOJ layer 38 having a thickness of 
about 20 nm, for example, Is formed on a P-type 
single crystal silicon substrate 35 by oxidizing the sub- 



strate at about A resist ma^ 
is formed on the substrata 35 and patterned to expose 
a predetermined region of the substrata 35. Then, 
arsenic ton knpiantation b performed in the substrate 

5 by using the resist mask layer. Thus, arsenic atoms 
(As) are selectively implanted in the substrata 35, as 
schematicasy represented by a dotted line 39 In Fig. 
7a Exemplary conditions for the As Ion Implantation 
Include ton energy of 100KeV and dosage of 4x10" 

io tons/cm 2 for the As Ions. 

The resist mask layer (not shown) and the SiOj 
layer 38 are removed and another SJO, layer (not 
shown) having a thickness of about 20 nm is formed 
on the substrate 35 by using a conventional oxidation 

15 at about Then, a PSG layer 37 having a thick- 
ness of about 1 micron is formed on substrate 35 by 
using a conventional CVD (chemical vapor depositor) 
method, for example, as shown In Fig. 7C. The PSG 
layer 37 la selectively removed to form a contact hole 

20 40 to expose the As ion implanted region 39, as 
shown In Fig. 7D, by using a ccxTventionaJ dry etching 
method. The substrate 35 is, then, heated In an Inert 
atmosphere such 88 ntrogen gas (NJ lor about tan 
minutes at 1050° so as to provide the step at the 

25 periphery of the contact hole 40 with a gentle slope. 
The implanted Aa atoms 39 are activated to form an 
N+ region In the P-type substrate 35 during the above 
thermal process . 

A SljN* film 32 having a thickness in the range 

so between 5 and 20 nm Is formed on the substrate 35 
and patterned to cover the contact hole 40 as shown 
In Fig. 7E, and then, a SIO a film 33 having a thickness 
In the range between 0.5 and 10 nm Is formed on the 
SljN* fflm 32, as shown In Fig. 7F. Preferably, the sflf- 

36 con nfctte fflm 32 has a thickness larger by s factor 
in the range of 1 to 40 than that of the sflicorwttoxioe 
layer 33. The SIO* ffim 33 may be provided by oxidi- 
zing the surface of the sy^ film 32. Following the 
above, a layer of a conducting material such as a 

40 metal or a metal alloy Including aluminium, molyb- 
denum or platinum. Is formed on the substrate 35 by 
using a conventional thin fflm technology, sputtering, 
for example, and patterned to provide a wiring layer 
36. Thus, a BIC cell in accordance with the embody 

45 merrtshownlnFtg.7GisfaiMicate^ 

eels, the impurity diffusion region 34 may constitute 
a drain region of a MIS FET formed In the substrate 
35. 

Fig. 8 shows another embodiment of a BIC eel 
59 according to the invention, wherein the 8i02 Mm 33 b 
formed prior to the patterning of the Sy^flm32and 
patterned together with the SI3N4 fUm 32. Each of BIC 
cells shown In Fig. 7G and Fig. 8 reveals desirabry low 
progranvning-vottage characteristics and ON-atate 
85 resistance in the programmed state. The program- 
ming voltage, Le. the breakdown voltage of the 
insulating layer 31, is as low as 18 volts compered 
with 25 volts of the prior art BIC cell as shown In Figs, 
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2 or 3 wfth a narrow distribution such as ±1 volt in con- 
trast to a broad distribution such as ± 7 volts in the 
prior art BIC ceils. The resistance of the insulating 
layer 31 of the programmed BIC eel! la as low as 500 
ohms compared with 1 kohms to 1 0 kohms In the prior 6 
art BIC cells. 

As a variant, the insulating layer 31 of the BIC cell 
according to the Invention may comprise an upper 
dielectric fBm 33 of Si 3 N 4 and a lower dielectric film 32 
of SIO2 Instead of the upper SIO2 f3m 33 and the lower 10 
SI3N4 flm 32 of Fig. 70, or may have a triple-layer 
structure consisting of upper and lower SK^ fflms and 
an Intermediate SljM* fBm, for example. In this last 
case, the upper sDicorwllojdde flm may be formed by 
partially oxydizing the Intermediate silcorwi ttride flm. 15 

The reason why a low and stable programming 
voltage is achieved In the present invention BIC eels 
having a composite insulating layer as described 
above is not elucidated yet This may possibly be due 
to the low leak current characteristic of the SIQz film 20 
and the less concentration of local field In the SI3N4 
film. That is, a SiOj film has a high resistfvfty before it 
is electrically broken down. On the other hand, a 
film reveals a relatively large leak current flowing 
therethrough. The leek current in the SI4H4 film is con- 35 
sidered to be carried through traps existing In the 
SI3N4 film and serves to reduce the concentration of 
local field to be estabfished due to the lattice defects 
In the fBm. Accordingly, such a breakdown at 8 low 
field strength as caused in a thin SIOj fBm as men- ao 
tkxied before is not usualy revealed in SI5N4 fa ma. 
However, the leak current in a Si,N4 flm has so large 
a value as to cause en erroneous operation in a circuit 
comprising a number of BIC ceils If the Insulating layer 
consists only of a SI3N4 film. 35 

A BIC cell of the present invention comprises a 
relatively thick Sl^ fBm and a relatively thin SJO* firm, 
wherein the relatively thick SI3N4 film withstands the 
operating voltage until the write-in voltage is applied 
thereto, and the relatively thin S!0 2 fBm prevents the 40 
leak current to flow through the BIC cell. Accordingly, 
It is obvious that the composite insulating layer of the 
present Invention BIC cell Is not limited to the combi- 
nation such as SIOj/SijKU and SiOa/SWSlOa but 
any different Insulating films having properties for 46 
exerting the same effects as those of SiO* and SfcN* 
films, respectively, can be exmployed to be substi- 
tuted therefor. 



Claims 

1. A programmable element for e semiconductor 
integrated circuit chip, comprising a lower electrode 
layer (34) formed on a substrate (35) ; a first Insulating 53 
layer (31) formed on the lower electrode layer ; and en 
upper electrode layer (36) formed on the first Insulat- 
ing layer, the upper electrode being separated from 



the lower electrode by the first insulating layer, 
whereby the programmable element is provided with 
a conduction path between the lower and upper elec- 
trodes when a voltage capable of causing an electri- 
cal breakdown In the first insulating layer is applied 
between the lower and upper electrodes, 
ch a ract e rized In that said first insulating layer (31) is 
composed of at least two films (32,33) of dielectric / 
materials, successively formed on said lower elec- 
trode layer (34), said dielectric material films having 
respective specific dielectric constants different from 
each other. 

2. A programmable element according to daim 1 , 
wherein one of said dielectric films is a silicon-nitride 
fBm (32). 

3. A programmable element according to any one 
of claims 1 and 2, wherein one of said dielectric fa ma 
is a sH Icon-dioxide film (33). 

4. A programmable element according to any one 
of claims 1 to 3, wherein said first Insulating layer 
comprises a relatively thin sHton-dtodde fBm (33) 
and a relatively thick sBicon-nRride flm (32). 

5. A programmable element according to any one 
of the preceding claims, wherein one of said dielectric 
films is a sfiicorMiftride film (32) having a thickness in 
a range from 5 mm to 20 nm. 

6. A programmable element according to any one 
of the preceding claims, wherein one of said dielectric 
ffims is a silicon-dioxide fBm (33) having a thickness 
In a range from 03 nm to 10 nm. 

7. A programmable element according to any one 
of the preceding claims, wherein said substrate (35) 
is a semiconductor substrate having a conductivity 
type and said lower electrode (34) b an impurity dif- 
fusion layer formed in saJd semiconductor substrata, 
said impurity dfffusJon layer having a conductivity type 
opposite to that of said semiconductor substrate, and 
said programmable element further comprises a sec- 
ond Insulating layer (37) formed on said semiconduc- 
tor substrate, said second Insulating layer having a 
contact hole selectively formed therein to expose said 
Impurity diffusion layer (34), said first Insulating layer 
(31) being formed on said contact hole so as to cover 
said exposed impurity diffusion layer and said con- 
duction path Is established between said impurity dif- 
fusion layer (34) and said upper electrode (38) by 
applying a voltage therebetween. 

8. A programmable element according to daim 7, 
wherein said second insulating layer (37) Is com- 
posed of a phoapho-el Jcate glass. 

9. A programmable element according to any one 
of claims 7 and 8, wherein said impurity diffusion layer 
(34) constitutes a drain region of a MIS FET (metai- 
Insulator-semiconductor fieJd-effect-tanslator) for- 
med in said semiconductor substrate. 

10. A pro gramm able element according to any 
one of the preceding claims, wherein said first insulat- 
ing layer (31) Includes a slBcon-ttitride fBm (32) and a 
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efllcornltoxide film (33), said silicon-nitride film (32) 
having a thickness larger by a factorin the range from 
1 to 40 than that of said sBteon-dbxWe flm (33). 

11. A programmable element according to any 
one of the preceding claims, wherein said first insulat- 
ing layer (31) comprises an underlying sfflwrwiKride 
fBm (32) and an overlying sfitorKHoxfoe film (33). 

12. A programmable element according to daim 
11, wherein said overlying s5lcon-dloxMe film (33) is 
formed by partially oxidizing said underlying aiicon- 
nftride layer (32). 

13. A programmable element according to any 
one of claims 1 to 10, wherein said first Insulating 
layer comprises an underlying aBicon-dtaxide Mm and 
an overlying silicon-nitride IQm. 

14. A programmable element as set forth in daim 

13, wherein said first insulating layer further com- 
prises another sBicon-oxide «m formed on said over- 
tying sBlcon-nftride tarn. 

15. A programmable element as set forth in daim 

14, wherein said another sBteon-oxide tUm on said sli- 
con-nifride film Is formed by partially oxidizing said 
allcon-nftrtde fBm. 

16. A programmable element according to any 
one of the preceding daims, wherein said upper elec- 
trode (36) is composed of a metal or metal alloy, 
Including aluminium, molybdenum or platinum. 



Anspruche 

1. Programmlerbares Bement fOr eln Integrities 
Halbiettarschaltungschip, mlt einer unteren EJekm> 
denschicht (34), die auf einem Substrat (35) gebBdet 
1st ; einer erstan Isolierenden Schicht (31), die auf der 
unteren Elektrodenschtoht gebBdet 1st; und einer 
oberen Bektrodenschicht (36), (fie auf der ersten iso- 
lierenden Schicht gebfldet 1st, welche obere Bektrode 
von der unteren Bektrode durch die erste feolierertde 
Schicht getrennt 1st, wodurch das proo/mmlerbare 
Bement mit einem Leitungsweg zwischen den unte- 
ren und oberen Bektroden versehen 1st, wenn eine 
Spannung, die einen elektrischen Durchbruch In der 
ersten isolierenden Schicht zu verursachen fahig 1st, 
zwischen den unteren und oberen Bektroden auf go- 
bra cht wird, 

dadurch gekennzdchnet, dafi die erste isolierende 
Schicht (31) au8 wenigstens zwei Fllmen (32, 33) aus 
dieiektrischen Material ien zusamrnengesetzt wt, die 
sukzessiv auf der genannten unteren Bektrode (34) 
gebfldet sind, welche FHme aus dlelektrischem Mate- 
rial Jewells spezlRsche dielektrische Konstantan 
haben, die voneinander verschieden sind. 

Z Programmlerbares Bement nach Anspruch 1, 
bei dem einer der genannten dieiektrischen Fime eln 
SPidumnitridfim(32)ist 

3. Programmlerbares Bement nach einem der 
Anspruche 1 und 2, bei dem einer der genannten 



dieiektrischen Rime ebi SKtourndkaJoTIm (33) 1st 

4. Programmlerbares Bement nach einem der 
Anspruche 1 bis 3, bei dem die genarmto ante bolie- 
rende Schicht einen reiativ durmen SlWurndkuddflm 

a (33) und einen reiativ dteken Sltfurnrtilrfcrflm (32) 
umfefit 

5. Programmlerbares Bement nach einem der 
vorhergehenden Anspruche, bei dem einer der 
genannten dieiektrischen FBme eln SlWurrtitridflm 

10 (32)tst,defeir»DidceimBefekiivon6ranbte20nm 
hat 

6. Programmlerbares Bement nach einem der 
vorhergehenden Anspruche, bei dem einer der 
genannten dieiektrischen FBme ein SllcfamdioxJdftm 

« (33) 1st der eine Dtake km Berelch vom 0,5 nm bis 10 
nm hat 

7. Programmierbares Bement nach einem der 
vorhergehenden Ansprflche, bei dem das genannte 
Substrat (35) ein HalWeftersubstrat 1st, daa einen Left- 

20 fihlgkeitatyp hat, und cfie genannte untere Bektrode 
(34) elne Verunrelnlgungsdiffuskx^scWcM 1st, die In 
dem genannten HaiWetersubstrat gebldet 1st, die 
genannte Verunreir^ungsdfffuikxieachicht einen 
UWahlgkeitstyp entgegengesetzt zu Jenem des 

25 genannten HatbieRersubstrats hat und daa genannte 
pfogrammierbare Bement femer eine zwefte iaofie- 
rende Schicht (37) umfa&t, die auf dem genannten 
HalWertersubstrat gebBdet 1st, welche zwefce isolie- 
rende Schicht eln Kontaktioch hat, daa seJekflv darfn 

30 gebBdet 1st urn die genannte VenjnrelnJgungsdlflu- 
sionsachicht (34) zu exponieren, die genannte erste 
teoBerende Schicht (31) auf dem genannten Kontakt- 
ioch gebBdet 1st, urn so die genannte exportate Ver- 
unrelnlgimgsdiffuskwsschlcht zu bedecken, und der 

35 genannte Leitungsweg zwischen der genannten Ver- 
unrslnigurigsdlfbslonascrricht (34) und der genann- 
ten oberen Bektrode (36) durch Aufbringen einer 
Spannung dazwischen hergestellt wird. 

8. Programmierbares Bement nach Anspruch 7, 
40 bei dem die genannte zweite isolierende Schicht (37) 

aus einem PhosphorsBikatgias besteht 

9. Programmierbares Bement nach einem der 
Anspruche 7 und 8, bei dem ale genannte Verunref- 
nigungsdiffiisionsschicrtt (34) einen Dralnbereich 

46 eines MlS-FET^MetalWsdata-HaJWeto^ 

transistors) bfidet, der In dem genannten Hajbieitor- 
substratgebildetisL 

10. Programmierbares Bement nach einem der 
vorhergehenden Anspruche, bei dem die genannte 

so isolierende Schicht (31) einen SBkAjmnftridfBm (32) 
und einen SfllclumdloxidfUm (33) umfafit, der 
genannte Slldumnltridfilm (32) eine Oicke hat, die urn 
einen Faktor Im Bereich von 1 bis 40 grfiQer aia Jena 
des genannten SiliciumdioxkJfilme (33) let 

os 11. Programmlerbares Bement nach einem der 
vorhergehenden Anspruche, bei dem die genannte 
erste IsoBerende Schicht (31) einen unton liegenden 
SfHdumnitridfnm (32) und einen oben liegenden Sfll- 
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ciumdJaxMfilm (33) umfaOt 

12. Prog rammierti area Element nach Anapruch 
11, bel dem der genannte oben tiegende SI!iciumdk> 
xtdfflm (33) durch teBwetoes Oxidieren der genannten 
unten llegenden Sflldunvtftrldschlcrtt (32) gebfldet 1st $ 

13. Programmterbares Element nach einem der 
Anspruche 1 bit 10, bei dem die genannte erate Iso- 
lierende Schicht elnen unten llegenden Sfflciumdio- 
xkffflm und elnen oben liegenden 

#J SUidumnltridfUrr^jrnfafit 10 

14. Programmlerbaree Element nach Anspruch 

13, bel dem die genannte erste todierende Schicht 
femer elnen anderen Sfliciurnoxidfam umfattt, der auf 
dem genannten oben liegenden SMcumnltridfBm 
gebfldet tot is 

15. Programmierbarea Bement nach Anspruch 

14, bel dem der genannte andere Sdiciumoxidfilm auf 
dem genannten Siidumnitridfilm durch teflweises 
Oxidieren dee genannten Sliciumnltrldflme gebldet 

tot. 20 

16. Programmterbares Element nach einem der 
vorhergehenden AnsprOche, bei dem die genannte 
obere Bettrode (36) aua einem Metal! oder einer 
Metalleglerung einschfiettlich Aluminium, Moiybdan 
oder Piatin gebildetlst 20 



Revendicatlons 

1. Element programmable pour puce a circuit x 
Integra semlconducteur, comprenant une oouche 
d'eiectrode Inferieure (34) formee sur un eubetrat 

(35) ; une premiere oouche toolante (31) formee surla 
couche d*6lectrode inferfeure ; et une oouche d'eiec- 
trode auperteure (36) formee eur la premiere oouche 36 
toolante, reiectrode auperteure etant eeparee de 
I'eiectrode inferieure par la premiere couche toolante, 
si bien que Tenement programmable est dote (Tun tra- 
Jet de conduction entre les electrodes inferieure et 
suparieure lorsqiAme tension susceptible de provo- 40 
quer une rupture eiectrlque dans la premiere couche 
iaolante est applique* entre les electrodes superieure 
et Inferieure, 

caracterise en ce que lad'rte premiere couche toolante 
(31) eat constitute d'au moins deux peMcuies (32, 33) 46 
de materieux dfelectriques, qui sort auccessivemant 
formees aurladite couche d'eiectrode Inferieure (34), 
leadltes pelitcules de matertaux dielectriques ayant 
des constantes dielectriques specifiques qui sont res- 
pectfvement differentes rune de I'autre. so 

2. Bement programmable selon la revendlcation 
1, ou Tune deadites peDiculea dielectriques eat une 
peiiicule de nltrure de silriurn (32). 

3. Bement programmable selon rune quelcon- 

que des revendicatlons 1 et 2, ou Tune deadites pel- 86 
liouiea dlelectrtques eat une peiiicule de dioxyde de 
sBidum(33). 

4. Bement prograrnmabie selon I'une queJcon- 



que des revendications 1 a 3, ou ladite premiere cou- 
che toolante oomprend une peMcute de dioxyde de 
eflicium relativement mince (33) et une peiiicule de 
nltrure de aflldum relativement epateae (32). 

5. Bement prograrnmabie selon I'une queicon- 
que des revendicattons precedentes, ou I'une desdi- 
tes pefliculea cfleJectriquee eat une peiiicule de nltrure 
de BiWum (32) possedant une epaisseur comprise 
dans rintervale de 5 nm a 20 nm. 

6. Element programmable selon rune queicon- 
que dee revendicationa precedentes, ou Tune deadi- 
tes peincules dielectriques est une peiiicule de. 
dioxyde de sOldum (33) ayant une epaisseur 
comprise dens rintervalle de 0,5 nm a 10 nm. 

7. Element programmable selon I'une queicon- 
que dea revendicatlons precedentes, ou I edit eubetrat 
(35) est un substrat aemiconducteur possedant un 
certain type de conductivity et ladite electrode Infe- 
rieure (34) eat une couche de diffusion tf Impurett for- 
mee dans I edit substrat aemiconducteur, befits 
couche de diffusion tfimpureta ayant un type de 
oonduebvita oppose a ceiui dudft substrat aemicon- 
ducteur, et ledK Element prograrnmabie comprend en 
outre une deuxleme couche toolante (37) formee eur 
ledit substrat aemiconducteur, ladto deuxleme cou- 
che toolante possedant un trou de contact selective- 
ment forme dans celle-ci de facon a exposer ladltB 
couche de diffusion tfimpurete (34), ladite premiere 
couche toolante (31) etant formee sur ledft trou de 
contact de facon a couvrir ladite couche de diffusion 
cfimpurete exposes et ledft trajet de conduction est 
etabli entre ladite couche de diffusion dTmp urate (34) 
et ladite electrode superieure (36) par application 
d*une tension entre ceRes-cL 

8. Element prograrnmabie selon la revendication 
7, ou ladite deuxieme couche toolante (37) est cons- 
tituee par un verre de phosphosDIcate. 

9. Bement programmable selon I'une queJcon- 
que des revendicatlons 7 et 8, ou ladite oouche de dif- 
fusion d'fmpurate (34) conatftue la region de drain 
d'un FET MIS (translator a effet de champ metaWso- 
lant-semiconducteur) forme dans (edit substrat aemi- 
conducteur. 

10. Bement prograrnmabie selon rune queloon- 
que des revendications precedentes, ou ladltB pre- 
miere couche toolante (31) comporte une pelUcute de 
nltrure de sBicium (32) et une peiiicule de dioxyde de 
slWum (33), ladite peiiicule de nltrure de alidum (32) 
ayant une epaisseur plus grande, d'un facteur 
compris entre 1 et 40, que ceBe de ladfte peiiicule de 

' dioxyde de sOldum (33),— 

11. Element programmable eolon rune queJcon- 
que dea revendications precedentes, ou ladite pre- 
miere couche toolante (31) comprend una peiiicule de 
nltrure de siiicium situee au-deasous (32) et une pei- 
iicule de dioxyde de alidum eftuee au-dessus (33). 

12. Element programmable aeion la revendica- 
tion 11, ou ladite peiiicule de dioxyde de allcium 
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sftuee eu-dessus (33) est fbrmee par oxydation par- 
tlelle de ladlte pelllcuie de nftrure de slicium altuee 
au-dessous (32). 

13. Element programmable eel on Tune quelcon- 
que dee revendicatlons 1 a 1 0, ou ladtta premiere coo- s 
che Isoiante comprend una pelltcule de dtoxyde de 
slicium altuee au-dessous et una pelllcuie de nftrure 

de sfficium sKuee au-dessus. 

14. Element programmable salon (a revendica- 

tion 13, ou iadite premiere couche isoiante comprend 10 
en outre una autre pelicule d'oxyde de aDicium fbr- 
mee aur Iadite pellicule de nhrure de alkaum altuee 
au-dessus. 

15. Element programmable aelon la revendlca- 

tion 14, ou ladlte autre pellicule d'oxyde de aOidum ae 18 
trouvant aur ladlte pellicule de nhrure de slicium eat 
fbrmee par oxydation partieJIe de ladlte pellicule de 
nftrure de eQIdum. 

16. Element programmable selon Tune quelcon- 

que des revendicatlons pre*cedentes, ou ladlte eieo- 20 
trade superteure (38) eat constitute (fun metal ou 
dun aJllage de mdtai, comprenant I'alumlnlum, la 
molybdene ou le piatine. 

28 
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